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1
INTEGRATED MIMO ANTENNA SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to antenna systems; and more
particularly to an integrated antenna system adapted for
multi-input multi-output (MIMO) operation.

2. Description of the Related Art

In view of continuous improvements within the field of
wireless communication technology, the trend in the tele-
communication industry is to move to 4” generation, or 4G
communication systems, for increased data rate require-
ments. The improved data rates achieved by 4G communi-
cation systems require multiple antennas on one or both ends
of the communication link. This Multiple Input Multiple
Output (MIMO) protocol and modulation scheme com-
monly requires multiple antennas operating in the same
frequency band to be integrated into portable as well as
stationary communication devices. The multiple antennas
situated in the portable electronic devices, such as laptop
computers, mobile phones, and personal digital assistants
(PDAs) must work in unison to receive and transmit mul-
tiple data streams. These MIMO antennas are required to
maintain high isolation and low pattern correlation for
optimum link quality and to achieve the desired high data
rates compared to 2G and 3G communication protocols. For
portable electronic devices in particular, reduced size and
reduced antenna inter-element spacing is required to inte-
grate the multiple antennas into small and lightweight form
factors.

Current antenna system design and integration techniques
consist of designing a baseline antenna adapted to cover the
frequency bands of interest, and then placing duplicates of
this baseline design at various locations within the commu-
nication device to satisfy the MIMO antenna requirement.
Care must be taken to insure that isolation, as well as low
pattern correlation is maintained between the individual
antennas. LLow pattern correlation can be achieved by main-
taining specific distances between antenna elements or by
varying the polarization state of one antenna in the MIMO
system compared to the other antennas in the system. The
antenna design process is complicated by the multiple
frequency bands that many MIMO antenna systems are
required to cover.

The conventional multiple-band antenna such as a planar
inverted-F antenna (PIFA) is generated from a two dimen-
sional design. The PIFA can be provided from a printed
circuit board (PCB) which has copper foil to be processed
into a two dimensional shape, or can be provided as a three
dimensional design from metal sheet forming processes. The
two dimensional shape lends itself to photo-etching tech-
niques on PCBs and aids in integration into portable elec-
tronic devices due to reduced volume of the two dimensional
design.

The requirements for high isolation and low correlation
between pairs of antennas also apply to 3G communication
requirements such as receive diversity schemes for
improved signal reception in multi-path environments. As in
4G communication systems, antenna spacing and orientation
of'one antenna in relation to the other antennas are important
in 3G antenna systems to provide for improved data rates
and connectivity.

Additionally, Wifi and wireless local area network
(WLAN) communication devices also require multiple
antenna systems where stringent spacing and orientation
requirements are needed to provide for improved signal
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transmission and reception. Two antenna systems for Wifi
and WLAN have been the norm for several years due to the
benefits of spatial diversity between pairs of antennas in
defeating the effects of deep signal fades due to multi-path
reception.

With the requirement of maintaining a specific spacing
between antenna elements in a MIMO antenna system for
maintaining high isolation and low pattern correlation, a
solution for integrating multiple antennas into a portable
electronic device as well as stationary devices is needed,
wherein inter-element spacing between antenna elements
can be maintained in a production setting, such that auto-
mated or manual assembly techniques can be reliably imple-
mented.

SUMMARY OF THE INVENTION

In certain embodiments, a single integrated antenna
assembly is provided comprising multiple antenna elements
within a multi-input multi-output (MIMO) antenna system,
wherein the spacing and orientation of each antenna element
is maintained to a high degree of accuracy. The antennas are
fabricated on a single substrate using a photo etching
technique for providing improved control over antenna
spacing and orientation within a production environment
and maintaining improved consistency across a large pro-
duction lot.

In one embodiment of the present invention, a baseline
antenna design is duplicated at set spacings on a single thin
flexible substrate (Flexible Printed Circuit, or “FPC”). The
photo-etching technique used to fabricate FPCs provides a
much higher degree of accuracy for inter-element spacing in
the MIMO antenna system when compared to the individual
placement of discrete antennas. In this regard, the orienta-
tion of the antenna elements in relation to the other antennas
in the system is accurately set during the process where the
artwork for the photo-etching is designed.

In another embodiment, a rigid substrate can be used to
fabricate the antenna elements of the MIMO antenna system.
The rigid substrate provides a self-supporting antenna
assembly that can be attached to the portable electronic
device. As with the FPC fabrication technique, the spacing
and inter-element orientation can be very accurately main-
tained by using the photo-etching technique.

In another embodiment, one or more conductors can be
etched between the individual antenna elements, with the
conductors positioned, oriented and dimensioned to improve
isolation between adjacent antenna elements. A ground pad
can be designed into the FPC substrate to allow for ground-
ing of the conductor; or alternatively the conductor can be
left ungrounded. The one or more conductors can be indi-
vidually shaped and dimensioned to provide improved iso-
lation at multiple frequency bands.

In another embodiment of the present invention, portions
of an antenna element can be etched on opposite sides of a
substrate. For example, the low frequency portion of the
antenna can be etched on a first side of a substrate, with the
high frequency portion of the antenna etched on a second
side of the substrate opposite of the first side. Additional
antenna elements can be positioned and etched on a common
substrate. This technique provides for a closer grouping of
antennas. It also provides for more area to rotate specific
portions of one or all antennas on the single substrate
assembly.

In another embodiment, a first set of antennas tuned to
operate at a first frequency band can be positioned at an
optimal spacing. A second set of antennas can be interleaved
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with the first set of antennas, with the second set of antennas
tuned to a second frequency band different from the first
frequency band. The position of the antennas in the second
set of antennas can be optimized for the second frequency
band. The resultant antenna assembly on a single substrate
will provide an optimized set of antennas for MIMO opera-
tion at two distinct frequency bands. This technique can be
extended to include additional sets of antennas to cover
additional frequency bands on the same single substrate.

In another embodiment, a baseline antenna design is
duplicated at set spacing on a single thin flexible substrate
(Flexible Printed Circuit, or “FPC”). The baseline and the
duplicate second antenna are used to form a receive diversity
antenna system. The photo-etching technique being used to
fabricate FPCs provides a much higher degree of accuracy
for inter-element spacing within the receive diversity system
when compared to individual placement of discrete anten-
nas. The orientation of the antenna elements in relation to the
other antennas in the system is accurately set during the
process in a position where the artwork for the photo-etching
is designed.

In yet another embodiment, certain methods are disclosed
for fabricating a multi-input multi-output (MIMO) antenna
adapted for use in a wireless communications device while
providing effective signaling with high isolation and low
pattern correlation between the multiple antennas.

Other features and benefits will become apparent herein-
after to those having skil in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a multi-antenna assembly fabricated on
a single flexible substrate in accordance with various
embodiments of the invention.

FIG. 2 illustrates a multi-antenna assembly fabricated on
a flexible substrate with the substrate being formed in a
three-dimensional shape.

FIG. 3 illustrates a multi-antenna assembly having pas-
sive conductors positioned between the individual antenna
elements; all antenna elements and respective passive con-
ductors are fabricated on a single substrate.

FIG. 4 illustrates a two-antenna assembly fabricated on a
single substrate, with the orientation of the second antenna
element being rotated with respect to the first antenna
element.

FIG. 5 illustrates a three-antenna assembly fabricated on
a single substrate, with the orientation of the first and third
antenna elements being rotated with respect to the second
antenna element.

FIGS. 6(A-D) illustrate a three-antenna assembly wherein
portions of each antenna element are fabricated on opposite
planar sides of the substrate, with the portions of the antenna
elements being connected using conductive vias extending
through the substrate from the first planar side to the second
planar side.

FIGS. 7(A-B) illustrate a top view of a MIMO antenna
assembly, the MIMO antenna assembly comprising three
low frequency antennas and three high frequency antennas;
wherein shaping the flexible substrate provides an ability to
adjust the inter-element spacing of both the low frequency
and high frequency MIMO arrays.

FIG. 8 illustrates an antenna assembly formed into a
three-dimensional volume; wherein conductive features are
designed into the antenna assembly to provide for mechani-
cal attachment to the host PCB.

FIGS. 9(A-B) illustrate an antenna assembly wherein
surface mount technology (SMT) is used to attach compo-
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nents such as coaxial connectors and components for imped-
ance matching to the substrate.

FIG. 10 illustrates an antenna assembly formed into a
three-dimensional volume with a continuous curvature; the
three-antenna elements of the antenna assembly follow the
profile of the curved flexible substrate, thereby providing a
mechanism for accurate forming and locating of the three
antenna elements.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following description, for purposes of explanation
and not limitation, details and descriptions are set forth in
order to provide a thorough understanding of the present
invention. However, it will be apparent to those skilled in the
art that the present invention may be practiced in other
embodiments that depart from these details and descriptions.

In a general embodiment, the invention provides a multi-
input multi-output (MIMO) antenna system comprising a
plurality of antenna elements disposed on a single substrate.
The plurality of antenna elements are optimally positioned
and spaced apart from one another to maintain high isolation
and low pattern correlation therebetween. In order to accu-
rately position and space the antenna elements, a photo-
etching technique is used to fabricate the antennas onto the
substrate.

Within the general embodiment, the MIMO antenna sys-
tem comprises a first antenna element and a second antenna
element being optimally positioned and spaced apart from
one another to provide high isolation and low pattern
correlation. Optionally, a third, fourth, or additional antenna
element may be provided to form a multi-antenna element
array.

Each of the antenna elements may comprise a duplicate of
a dimensioned antenna designed for resonance at one or
more desired frequency bands. Alternatively, the antenna
elements may comprise a group of first dimensioned anten-
nas designed to resonate at one or more first frequency
bands, and a group of second dimensioned antennas
designed to resonate at one or more second frequency bands
being distinct from the first frequency bands. Additional
groups of successively dimensioned antennas may be incor-
porated.

In certain embodiments, the substrate is a flexible sub-
strate, such as a thin dielectric sheet or plastic.

In certain other embodiments, one or more passive con-
ductors are disposed between the antenna elements of the
multi antenna MIMO system. The passive conductors can be
positioned and dimensioned to alter isolation between
antenna elements of the MIMO system.

In certain other embodiments, the MIMO antenna system
comprises a first antenna element and a second antenna
element being rotated with respect to the first antenna
element. The angle of rotation between the first and second
antenna elements can be selected to provide a specific
pattern correlation level therebetween. Additionally, the
angle of rotation between the first and second antennas can
be selected to alter the isolation therebetween. Additional
antenna elements can be incorporated and rotationally ori-
ented with respect to one or more other antenna elements for
altering a specific correlation level, or the isolation between
the antennas.

In certain other embodiments, one or more first antenna
elements are formed on a first planar surface of a single
substrate, and one or more second antenna elements are
formed on a second planar surface of the single substrate
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opposite of the first planar surface. The first and second
antenna elements may be connected to each using a con-
ductive via or plated thru hole extending through the sub-
strate. Each of the connected first and second antenna
elements forms an antenna pair, wherein each of the antenna
pairs may be similarly dimensioned to resonate at one or
more common frequency bands for MIMO operation.

In certain other embodiments, first and second antenna
elements are disposed on a common substrate and config-
ured for operation in accordance with a transmit/receive
diversity, or receive diversity scheme.

Within the integrated MIMO antenna system according to
various embodiments of the invention, antenna spacing and
alignment can be enhanced and controlled to a finer degree
than with conventional discrete antenna fabrication tech-
niques. Rotation of one or multiple antennas in relation to
the other antennas in the system can be performed to within
the accuracy of current photo-etching techniques. Metalized
traces can be designed and etched on the single substrate and
positioned between antenna elements to enhance inter-ele-
ment isolation. The integrated MIMO antenna system can be
fabricated on flexible printed circuit (FPC) material, or can
be fabricated on rigid metalized substrate such as common
FR4 materials. Portions of one or multiple antenna elements
can be photo-etched on opposite sides of the substrate to
provide an additional degree of freedom in terms of antenna
placement, spacing, and rotation angle.

In yet another embodiment, a method for forming an
integrated antenna system comprises: photo-etching two or
more antenna elements on a substrate, the antenna elements
being similar in dimension and adapted to resonate at one or
more common frequency bands; positioning and spacing the
two or more antenna elements on the substrate to optimize
isolation and correlation patterns therebetween; and con-
necting a separate transmission line to each of the antenna
elements. The method may further comprise the step of:
surface-mounting one or more surface mounted components
selected from the group consisting of: resistors, capacitors,
and inductors to a conductive trace of the antenna elements.

Various features and advantages of this invention will
become apparent from the following description of embodi-
ments with reference to the accompanying drawings. Here-
inafter, certain preferred embodiments of the present inven-
tion will be described in more detail referring to the
drawings and reference numerals associated therewith.

Now turning to the drawings, FIG. 1 illustrates a multi-
antenna system comprising three antenna elements 2, 3, and
4 fabricated on a single substrate 1. Transmission lines 5, 6,
and 7 are connected to the respective feed points of antennas
2, 3, and 4. The antennas can be accurately positioned and
spaced apart in relation to each other for use as a multiple-
input multiple-output (MIMO) antenna system. This is
accomplished using a photo etching technique, which is
generally more accurate than individual placement of the
antenna elements in a portable communication device.

FIG. 2 illustrates a three-antenna system consisting of
antenna elements 2, 3, and 4 fabricated on a single substrate
1, wherein the substrate is thin and flexible. Transmission
lines 5, 6, and 7 are connected to the feed points of antenna
elements 2, 3, and 4. When used for multiple-input multiple-
output (MIMO) antenna systems, the flexible characteristics
of' the substrate provide for accurate spacing and positioning
of the antennas in a three dimensional form factor within a
portable communication device.

FIG. 3 illustrates a three-antenna system comprising
antenna elements 2, 3, and 4 fabricated on a single substrate
1. Transmission lines 5, 6, and 7 are connected to the feed
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points of antenna elements 2, 3, and 4. Passive conductive
elements 8 and 9 are positioned between antennas 2, 3, and
4. Passive conductive elements 8 and 9 can be adjusted in
length and position to alter the isolation between adjacent
antenna elements. When used for multiple-input multiple-
output (MIMO) antenna systems, improved isolation will
result in increased data rates.

FIG. 4 illustrates a two-antenna system comprising
antenna elements 2, and 3 fabricated on a single substrate 1.
Transmission lines 5, and 6 are connected to the feed points
of antenna elements 2, and 3. Antenna element 3 is rotated
with respect to antenna element 2. Rotation of antenna 3
results in a reduction in pattern correlation between antennas
2 and 3. When used for multiple-input multiple-output
(MIMO) antenna systems, reduced pattern correlation
results in increased data rates. Additionally, having both
antennas fabricated on a common substrate provides a low
cost and accurate method of maintaining a specific antenna
spacing and rotation angle between the two antennas such
that isolation and correlation management can be optimized
between the multiple antenna elements.

FIG. 5 illustrates a three-antenna system comprising
antenna elements 2, 3, and 4 fabricated on a single substrate
1. Transmission lines 5, 6, and 7 are connected to the feed
points of antenna elements 2, 3, and 4. Antennas elements 2
and 4 are individually rotated with respect to antenna 3, with
antenna element 2 being oriented up to ninety degree
counter-clockwise with respect to antenna element 3 and
antenna element 4 being oriented up to ninety degrees
clockwise with respect to antenna element3. With the rota-
tion of antenna elements 2 and 4, a reduction in pattern
correlation between any two antenna pairs is achieved. As
discussed above, when used for multiple-input multiple-
output (MIMO) antenna systems, reduced pattern correla-
tion will result in increased data rates. As with the above
two-antenna embodiment, by having all three antenna ele-
ments fabricated on a common substrate -a low cost and
accurate method of maintaining a specific antenna spacing
and rotation angle between the three antennas is achieved.
As shown in FIG.5, first antenna element 2 is disposed on
the substrate. Second antenna element 3 is disposed on the
substrate adjacent to first antenna element 2 and oriented
about forty five degrees in a clockwise rotation with respect
to first antenna element 2. Third antenna element 4 is
disposed on the substrate adjacent to second antenna ele-
ment 3 and oriented about forty five degrees in a clockwise
rotation with respect to second antenna element 3. In this
regard, third antenna element 4 is oriented about ninety
degrees in clockwise rotation with respect to first antenna
element 2.

FIG. 6 illustrates a three-antenna system with portions of
each three-dimensional antenna being fabricated on two
opposing sides of a single substrate. A first antenna element
comprises antenna portions 10a; 105 positioned on a first
side of substrate 1, and antenna portions 13a; 135 positioned
on a second side of substrate 1 opposite of the first side. Vias
16 and 17, formed by conductive thru holes, are used to
connect antenna portions 10a; 105 to antenna portions 13a;
135, respectively. A transmission line 5 is connected to the
feed point of the antenna formed by elements 10 and 13. A
second antenna element comprises antenna portion 11 posi-
tioned on the first side of substrate 1, and antenna portion 14
positioned on the second side of substrate 1. Vias 18 and 19,
formed by conductive thru holes, are used to connect
antenna portion 11 to antenna portion 14. A transmission line
6 is connected to the feed point of the antenna formed by
elements 11 and 14. A third antenna element comprises
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antenna portion 12 positioned on the first side of substrate 1,
and antenna portion 15 positioned on the second side of
substrate 1. Vias 20 and 21, formed by conductive thru holes,
are used to connect antenna portion 12 to antenna portion 15.
A transmission line 7 is connected to the feed point of the
antenna element formed by antenna portions 12 and 15.
Positioning portions of one or more of the antennas in an
antenna system on both sides of the substrate provides
additional flexibility in placement of the respective antenna
elements. For example, low frequency portions of each
antenna can be positioned on one side of the substrate, and
high frequency portions of each antenna can be positioned
on an opposite side of the substrate. Spacing between the
low and high band frequency portions can be fine-tuned and
optimized per frequency band for the two-band antenna.

FIG. 7(A-B) illustrates a MIMO antenna system compris-
ing three low frequency antennas 22, 23, and 24 and three
high frequency antennas 25, 26, and 27. A flexible substrate
1 is shaped into a three-dimensional structure to optimally
space both the high and low frequency antennas. Six trans-
mission lines 28, 29, 30, 31, 32, and 33 are attached to the
feed points of the antennas. Shaping the flexible substrate
provides the ability to adjust the inter-element spacing of
each MIMO array.

FIG. 8 illustrates a MIMO antenna system comprising a
four-antenna assembly 34 connected to a printed circuit
board (PCB) 35 of a portable electronic device. Conductive
pads 36, 37, 38, and 39 are designed into antenna assembly
34 and are soldered to conductive elements such as similar
pads or a ground plane of the PCB 35 to provide mechanical
attachment for the antenna assembly 34 to the PCB 35. The
antenna assembly 34 is formed into a three-dimensional
shape and allows for antennas to be positioned in multiple
planes. In this regard, a number of conductive pads 36-39 of
the flexible antenna assembly 34 may comprise a solder
primer or coating such that when the antenna is placed over
the PCB 35 of the device and heat is applied, the antenna
may become permanently affixed to the PCB. Note that the
three-dimensional flexible antenna substrate can be bent or
shaped after affixing solder points to the PCB. Thus, addi-
tional customization of the antenna is possible after mating
with the PCB. Such a soldering technique provides high-
throughput manufacturing while preserving the isolation and
correlation benefits of the antenna. As shown, the MIMO
antenna system includes: a circuit board 35 having a top
surface and a periphery 120 thereof; and a flexible substrate
having a first portion 101 attached to the to surface of the
circuit board and a second portion 102 and third portion 103
each extending outwardly from the first portion at the
periphery of the circuit board and expanding into free-space.
The first portion 101 of the flexible substrate includes a pair
of fixed-antenna elements 111a; 1115 each being fixedly
positioned about the circuit board adjacent to the periphery.
The fixed-antenna elements are contained in a fixed-antenna
plane 131. The second portion 102 of the flexible substrate
includes a first configurable-antenna element 112 disposed
thereon, with the second portion and first configurable-
antenna element thereon being contained in a first configu-
rable-antenna plane 132. Finally, the third portion 103 of the
flexible substrate includes a second configurable-antenna
element 113 disposed thereon, with the third portion and
second configurable-antenna element being contained in a
second configurable-antenna plane 133.

FIG. 9 illustrates a MIMO antenna assembly 40 formed
into a three-dimensional form. A Surface Mount Technology
(SMT) connector 41 is attached to the substrate of antenna
assembly 40. SMT components 42, 43, and 44 are connected
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to conductive traces 45 etched into the substrate of antenna
assembly 40. Components 42, 43, and 44 may comprise
resistors, capacitors, inductors, or other devices used to alter
the impedance, insertion phase, or other electrical charac-
teristics of the antennas formed on antenna assembly 40.

FIG. 10 illustrates a multi-antenna assembly formed into
a three-dimensional form having a continuous curvature
profile. The three antenna system comprises antenna ele-
ments 2, 3, and 4 fabricated on a single substrate 1. Trans-
mission lines 5, 6, and 7 are connected to the feed points of
antenna elements 2, 3, and 4. The three antennas fabricated
on the flexible substrate follow the curvature of the sub-
strate, providing for the ability to form antennas with a
continuous curvature.

Although the present invention has been described with
reference to the foregoing preferred embodiments, it will be
understood that the invention is not limited to the details
thereof. Various equivalent variations and modifications will
be recognized by those skilled in this art in view of the
teachings herein. Thus, all such variations and equivalent
modifications are also embraced within the scope of the
invention as defined in the appended claims.

What is claimed is:

1. An integrated multi-input multi-output (MIMO)
antenna system, comprising:

a rigid circuit board having a top surface and a periphery

thereof;

a flexible substrate having a first portion thereof being
disposed on the top surface of the circuit board and
having at least a second portion thereof further expand-
ing beyond the periphery of the circuit board into free
space;

the first portion of the flexible substrate comprising:
at least one fixed-antenna element, the at least one

fixed-antenna element being configured in a fixed
position about the circuit board and within a fixed-
antenna plane, and

two or more conductive pads, each of the two or more
conductive pads being individually configured for
attachment with a conductive element or ground
associated with the rigid circuit board;

the second portion of the flexible substrate comprising:
at least one configurable-antenna element, the configu-

rable-antenna element being configured in a first
configurable-antenna plane and adapted for adjust-
able positioning about the fixed-antenna plane;
wherein the configurable-antenna element is configurable
for positioning within the fixed-antenna plane, and
wherein the configurable-antenna element is alternatively
configurable for positioning within a distinct plane with
respect to the fixed-antenna plane upon bending the
second portion of the flexible substrate expanding
beyond the periphery of the circuit board.

2. The antenna system of claim 1, wherein the first portion
of the flexible substrate comprises a first fixed-antenna
element and a second fixed-antenna element.

3. The antenna system of claim 2, wherein each of the first
and second fixed-antenna elements is positioned adjacent to
the periphery of the circuit board.

4. The antenna system of claim 1, the flexible substrate
further comprising:

a third portion, the third portion comprising:

a second configurable-antenna element, the second
configurable-antenna element being configured in a
second configurable-antenna plane adapted for
adjustable positioning about the fixed-antenna plane.
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5. The antenna system of claim 4, wherein each of the first
and second configurable-antenna planes is individually con-
figured about the fixed-antenna plane.

6. The antenna system of claim 5, wherein the first
configurable-antenna plane containing the first configurable-
antenna element is distinct from the second configurable-
antenna plane containing the second configurable-antenna
element.

7. The antenna system of claim 2, wherein one of the first
fixed-antenna elements is positioned on a first side of the
periphery adjacent to one of the configurable-antenna ele-
ments being positioned on a second side of the periphery.

8. The antenna system of claim 7, wherein the first
configurable-antenna plane is oriented up to ninety degrees
with respect to the fixed-antenna plane.

9. The antenna system of claim 1, said first configurable-
antenna plane being bent about the periphery of the circuit
board to form a three-dimensional antenna structure.

10. The antenna system of claim 1, at least a portion of the
flexible substrate being bent to form a continuous curvature
profile.

11. An integrated multi-input multi-output (MIMO)
antenna system, comprising:

a rigid circuit board having a top surface and a periphery

thereof;

a flexible substrate having a first portion thereof being
disposed on the top surface of the circuit board, and a
second portion and third portion thereof each further
expanding beyond the periphery of the circuit board
into free space;
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the first portion of the flexible substrate comprising:
at least one fixed-antenna element, the at least one
fixed-antenna element being configured in a fixed
position about the circuit board and within a fixed-
antenna plane, and
two or more conductive pads, each of the two or more
conductive pads being individually configured for
attachment with a conductive element or ground
associated with the rigid circuit board;
the second portion of the flexible substrate comprising:
at least a first configurable-antenna element, the first
configurable-antenna element being configured in a
first configurable-antenna plane and adapted for
adjustable positioning about the fixed-antenna plane;
and
the third portion of the flexible substrate comprising:
at least a second configurable-antenna element, the
second configurable-antenna element being config-
ured in a second configurable-antenna plane and
adapted for adjustable positioning about the fixed-
antenna plane;
wherein each of the first and second configurable-antenna
elements is individually configurable for positioning
within the fixed-antenna plane, and
wherein each of the first and second configurable-antenna
elements is alternatively configurable for positioning
within a distinct plane with respect to the fixed-antenna
plane upon bending about the periphery of the circuit
board.



